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(30)Priority 

Priority number : 1 1242670 Priority date : 30.08.1999 Priority country : JP 

(54) METHOD FOR PRODUCING N-ACETYLNEURAMINIC ACID 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for producing N-acetylneuraminic acid at a 
low cost without the need for adding expensive raw material such as pyruvic acid or 
phosphoenolpyruvic acid. 

SOLUTION: This method for producing N-acetylneuraminic acid comprises incorporating an 
aqueous medium with (1) a culture solution of microorganisms having N-acetylneuraminic 
acid aldolase activity or N-acetylneuraminic acid synthetase activity or a treated product of the 
above culture solution, (2) a culture solution of microorganisms having the ability to form 
pyruvic acid or a treated product of the above culture solution, or a culture solution of 
microorganisms having the ability to form phosphoenolpyruvic acid or a treated product of the 
above culture solution, (3) N-acetylmannosamine and (4) an energy source necessary for 
forming pyruvic acid or phosphoenolpyruvic acid to form and accumulate N-acetylneuraminic 
acid in the aqueous medium followed by collecting the N-acetylneuraminic acid thus formed 
from the aqueous medium. 
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ST/1- h* 5 — tf iStt W&ft fcffl V C 

Vico^im. ilECDtCfeV-CN-T-bf-^y-f 5S>K 

*tt8*+A»6 N - 7-bf7Uy 4 5 S y &£SW-i> £ 

[ft*^23 N-7W7y/tsyi^ N-7-b 
•f/U^anf S y 2 -ih7 7— b*}£1x£Wf m£M 

commit tzimi%mi\(nwm. a <t #n - 7* 

[|S#Jg3] N-7-bf-;W?7l'3-?*y2-xt\X5 
2 - X 7 — b* 2r 3 - V? h D N A £ £t/ D N A Brfr 

— fe'Sr 3— D N Aj6*i/*3 is XT' <t 7. (Synechocy 
stisJUIcm^iUl^ftAslWJDNA-C**. It** 3 

[fi*^5 3 N-r-fef-y^;i'3^sy2-xt^5 

~b"£ 3- H-tft DNA#, WTO ( a ) ifcti ( b ) 
WDNAtiS, M*JS3ifcti4lBtt<olS3ii£. 

S-3-Hfl.DNA 

( b ) mm% 2 iEiio^sss?ij ■& dna 
m^me] n-r^vy^y^ymDVYy—^ 
vStt$r*ti.a4tt* { x>'x y truifctin y*A? 

-r'J^^aWW-ilSfctSjTfti. ll*JSl~5cOU-f 
[S»*3B7] W-7^)VJA y^ym/y*z9~ If 

vStt£*-ti.a&ft* i; xi/x y 1 7S. -m -t y 7S*> 
arc**. i»««i~6ov^-m*»-3S(ciE«o»ji 

xj/ x y b 7JBL 3 y *a*? -f y *t AJRfc X T/Vv * n 

-tzm>t>mmimz%-t&w&mx'$>&. is* 



x^xytrs, ay^^f-y^K 

arc* * . w^ii i ~8 *h ^*>-JBtie»oi8i 
ft. 

[it** io] iyi y t rat** fcaa-ftjpxi/ 

xyhT- 3yt*l>. »^6~90^-f<t*»-«fc 

mm in 3 y r y •> ajs^s-t sts^ 

a*. aiJWfiJW- ry^xry^x. ay** 

[000 1] 

7 5 yW.7)V Y 7— b'vStt* fcii N - 7-bf-zl-y 4 9 5 

y®y y-fe fvSttSr^rti.a^ttSrfflv^N -7* 

[0002] 

N-r-fef-^/4 y $ ys?coSitat l 

■tl>*"ft C Carbohydrate Research, 56, 423 (1977) D 

[0003] ^MBftt LTa. *.mfcm&mt *n 

- T-fe / 4 5 S y IM? y v- T* * 3 n s y B$ # 
»-fl»^rftCJ. Biochem., 82, 1425 (1977) 3 **qai4> 

f-^vyy-tSy^JBV^IB&tS^ffiCJ. Am. Chem. 
Soc., 110, 6481 (1988). J. Am. Chem. Soc, 110, 7 
159 (1988)3 , T^*y*ttTC, K-T*.*)VJ A 9 
5 y»r^ h*5-Hf , f ;nfy»*5 - r-fef-;^ 
^3?$yfcfflVvC«Srt-**S; (*fiEWffl : fll5,665.57 
4#) . N-r-fef-;l//4 5 5yffiT;Pr-*9— b'. N — 

r-bf % ;w/;i/3-9-5y2-xtf^5— b*, bvi-t'y^fc 

(Angew. Chem. Int. Ed. Eng., 30, 827 (1991). Carbo 
hydrate Research. 306, 575 (1998)3 . N-T-bf-;l^ 
/4 9$yigvyb:y-— b\ *X*xy-;l-e;l-b*yK 

axifN -7^)^-7 yy^iyi^xm^tiijm 

(^¥10-4961. Glycobiology,7 , 697 (1997)3 # s *n 
[0004] ±EN -7bf/P/-f5S yS^Kiiffico 

JKflT* -5 f/p try fcti*x *x y tvu t'y© 
S-i^t-r*^. N-T-bf-;i-y4 5 5yi?«o^fi^ 
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[ o o o 5 ] zti&Tiz, m^cotmmtzumm 
^cnwmizmm lxk- t^)v;a y s ymzmm 

mx'iix^x y t rmizm-tm^mz^m^hi 

SlgfnanAttt'otl'C^S CNucleic Acids Re 
s.,13, 8843 (1985)] . 

[0006] N-r-fef-zk/OsyKS/i'-fe?-- tft 

Wl/Gi* lx*yt7SL -M-kVTm* XM-7> 

3 7 * x«tjs-r £ w&mm iz *j v f><it *> 

frfn e u B#fcl£>;tVOv& [J. Bacterid., 177. 31 
2 (1995) ] . 

[0007] N-r-fef-;^;P3-tsy2-xt^5- 

[Biochemistry, 17 , 3363 (1970)3 , l£#5££3-r-' 
•fSJUK^CJ. Biol. Chei.,271, 16294 (1996)3 iffl. 

[0008] e;Ub>i!^jifti: UTtt. iyi U t 
X^Z> CBiosci. Biotech. Biochem. , 58, 2164 (199 

4)] . *^*xy-;nr/Pt*y«oMKSffikLT«:, V 
778). 

[0009] 

b'ySL *x*xy-;ut;i/b*yge5rfc'c7)ftfi^Mi(EfSr 
mrtizt%<. mnzu-T*i-ii>s<<7§ym 

WU. im%N-7-b7*ju-?ysir*yt:m^&z:btt: 
[00 10] 

[ 0 0 1 1 ] w*>, *fmmT<?> ( 1 ) - ( 1 1 ) t 

(1 ) rtttttft+c ON-r-fef-^y-f 9 5v»r 
a- K 5 —tfiStt* tettN - r -fef-^y 4 y 5 yiyy* 



3ft, 0±iE(DfcfcV^N-T-bf-^y-f ?S>«7^ 

aft, ±ia®tfcv^N-7-fe^y-f 7S>Bsi/v-fe 

wl/tr;Uh'yl?^*jSffi$:WtSJSteft^«fti^ti 
Kig#fto®Sft. ©N-7-fef-^vyytf a J: 
tf®t^h*y^^li*x^xy-;PhVPb*>'K^f£ 

n - 7*.*)v; Ay^ ym zmct& ztmm 

[0012] (2) N-7-fe^/i-vyyHf n 
-7-b^//I/3-9-5 /-2-xW y~ b*jStt£3rf6 
«4ft«0it#ft * ^(SI#S«ft^»aft , fc ilA'N - 7 

jSEtt+T-N - T^7-/l-?y J If $ $-£6 <I 

le ( 1 ) comm. 

[00 13] (3) N-7-fef-;^P3-f S>2-X 

5 >- 2 - X b\X 5— tf £ 3 - F -f h D N A D N 
AKfr t 9- b CDm®iLfaD N A Stt&ft 

±IE ( 2 ) altffi£. 
[0014] (4) N-7-fef-^l/3-9-*y2-x 
bV 7— b"$r3- S D N Atfz/*3 yXf ^ ^. (Syn 
echocystis)JSCJS-ti»a4ft4*^DNAfS>§. _b 
IB ( 3 ) ^KJS>i . 

(5) N-7-fe^-;^/P3-t5 y2-xh*^5— 

tlTO (a) t^li (b) CODN 
A-C*4. UB (3 ) (4 ) C0Si§£„ 

[0015] (a) mm^immcDTzsmm* 
^^sgassTn-F-rsDNA 

( b ) 2iB«<0«aS?9S#tS D N A 

(6) N-7-fe^7'f y^ym7lVYy-Mm.i 
*-r^f»4ft* J Xi/x U t r«4 fctta 'J ^^f'J ^ 
A«lCjRtl.«*ftT*>l., JJB ( 1 ) ~ ( 5 ) <Wvf 

[00 16] (7) N-7-bf-^y^ 7SVi?vy-fe 
^— tfffi1xSr#tS«4ft^x j/x U b 7® . 1-A -b 'J 

7Jife kit* yvtyo ? xzmfrbmiti&mz&r 

m$MX'h&, ±1B ( 1 ) ~ ( 6 ) tfKvffia—ofc: 
IB8!<7)SSJtS. 

( 8 ) bVl/b>Kc7)^tg^*t-|»a^ft* J , x^x 
•J b 7S. 3 y ^^'^ r 'J •> AJg «y # tr?4 -fe 
XK^^Xtfti«ll(c«M- ^at^ftt'**, JJB ( 1 ) 
~ ( 7 ) OV^t : i^*— o(clB«Oi!3ia. 

[00 17] (9) *X*x/-^b;Wb>K^^ 

ffife^tiat***. xi/x y b r«» 3 u *a*^t »j 
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mtmx-hh. jjb ( i ) - (8 ) *>vv«ia»— -xz 
do) iyi y t rmzm-t hm±w^s. y t 

7 ■ 3 UT»*. JJE ( 6 ) ~ ( 9 ) (D^-ftlA—^ 

[oo 1 8J (li) a y */\';f'J ^AJWcH-f* 
y *A-?r y ?a • r >*-t?*z. 3 y 

•*A • T*bri/K7^9A"C**, ±1E (6) . 
(8) itdi (9) toMita. 

[0 0 19] 

<>j8n*«r t , «i«rxi/x y bra*fcti3 y 

r y ? AUfc&t I. i i: #T*£ 

[ o o 2 o ] xyi y brstds-tssMifc Lttix 
*/x y t r ■ 3 y is* fttf * c t * j t-£ s . n y 

r y ^ARfc^-f SJBttfti L~a43 y *A$»^«J *A 

• 7yt-7y^-X, ay^y^xy^A • $.? 
A, • 7-feh7i/K7 4 5JM?£* 
lfi> CI 

[0021]**:. KffiR«iStt*Jtf?Pffl*ittlBC 

RJfcftiLT, Xj/x'Jbr • 3y**<0nanAjliK 
(Nucleic Acids Res., 13 . 8843 (1985)3 ££tf3fl 

m%Mt IX . Iyi y b7 • 3 yNM522/pTA3tt^2rS> 

if &.r t* s rii 5 . iyi y tr • a y nm522/pta3» 

ti, ¥J*1 2^8fl2 8BWfCnJltttBK4*I^I 
*JS«8f3fW. H*BKS«»o< if flj* 1 TS 3# (85 
305-8566) fcFERM BP-7284 1 LT$f£S 
tiX^h, 

[00 2 2] ^mX'm^tlhN-T-ti-lUy^ yS. 

•mz^tmkwx'hixtf^i'ticDW^mhm^hz. 

ttfX'Z. Witfxj/x'JbT*, +4 by7R, 

[0023] x»/x U b7«fc«-r6«£*i: LTtex 
xx'Jt7- ay»***f4ii:*<T*4. W» 

tm^izktx'%1. mBmmwtLx. x^xy 

t7- 3y^*£7)neuB3HE^ (J. Bacterid., 17 
7, 312 (1995)) **0tt»i*DNASr^rf6«4» 
JWliW, ZiMZMblX. ii/i'Jt7 

• 3 y NM522/pYP18t*g;£ Hi a z t 6 . X$/ X 
'J t7 • 3 yNM522/pYP18««, Tftl 2^8J!2 8H 



ttWT ISIi$tSI^^I^II^flJUf5?BftFERM BP-72 
83i:LTS : lt§^tV'>|,. 

[0024] e^tyilSfej«fit#^*«t»i: IX 
lyi'jbT' 3y, 3ij*/<; 

rt^5?A. 3y^A'^ry«7A • 7-feh7yH7o 
A, f7*nv^x ■ bbb*i/x&fc*£<Hjj?f Sit 

«ty, i^it^ssiL^a^^fflv^ittT^s. 

Xvx'Jtr • 3yo^^St LXU. Biosci.Biotec 
h. Biochem., 58 . 2164 (1994>IBIW)****f ftit** 

[0025] Ttsx^xy-inr^bVittftiBS^rf 4 
mzMtbxit. m&ffiffiziii-&ffitmx'$>titf^ 
■fticomtkmiim^&ztvx'Z . x>-x y tr • 3 
y, 3'ji/\7f 'J^a • ryt-rnx, 3y*A* 

^f-y^A • iJOl^S^A, 3'J^fy?A • 7b 
xfc LTti, ttim-197778fcSa<tott**«r tZtif 
[0 0 26] N-7*f/^3tS>'2-xe^5- 

mmiWhztwx-zh. wmmimnmmt 

LT. 7*^4*ON -7bf-;U^;W3-t5y 2 -iW 
7-b'fite^5r-S-tffflm^.t*DNA ( P EP I 1 ) Sr« 
*f SXyx y b7 • 3 y (FERM BP-4602 : *H#I1=S 
5,795,767#) i^iv*3 yXf -f X«{CjRtS8t4 
«*^N-7b^;^';L'3-9-S y2-xb^7-b'ji 

ig^**ti««i*DNA*«*-f*xj/xytr • a 

y NM522/pYP16^ S: *{f £ £ fc *ff # h . X x x 'J b 
7 • 3 yNM522/pYP16t*kt ¥^12^8^2 8 HWt 
"ClSia»IR4*l¥n3PW*BBf35»ft:FERM BP-7282t 

ixmkztix^z. 

[0027] y^3 >f xmzmt mMn&*cr> 

N -7bf-;U^3-9" 5 y 2 -x b.X 5-b*ate^ £ L 
Synechocystis sp. PCC6803ttO^feflsfc#ltt 

6. ffi^s^iT^^^rs/nffi^j^-ts^y^ 

K 5: 3- K IX V ^ fifei^Sr *{f & Z t fi s X'% 5 . 
4af5^ (slrl975) &blf h Z t h . E?lJS^ 1 

nwtfisv > . ifw%% t> t>m#>x am Ltzhnx-bh. 

[0 0 28] N-rbf-;^/^5SVl!r/l-K7-bvg 
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*) N-r-fe^uy -f 5 s - 1 & . 

vSttfc § i, >U&aflB£ M a i k <r>X% h mkWt iiSffl 
tick 9, N-T-fef-^y^f 9S^»*« 

[0029] N-r-fef-W^95>KWi8Jit*jOT 

li. HTM n a ^S 1 a$:S){fi.Ck^T'#l.„ N- 

4f Sfflv^S*Wt3£IIW-* - k £ £ <0ftt=tih N-T-fe 
f-;U-7y/Hf5y2rffl^|.ik* i: T-#l». JE£. N-T 
•fcf-/t^3-*S y 2 -Xt\X 5— tfvStt*«f it»4 
SW)*«**JtttR*S«WO«iJI«j. i»J:tfN-7** 

Shfrt>wmztitz n - r^>v?y y-t s yzm^&z 
k^T^S. 

[0 0 3 0] N-T-fe^y-f55yKT^H7— fe'vS 
ttfcilXN-T-fef-^/^a-t 5 ^2 -xb75- fe'vS 

yi 0 n-T*+fr/4 y \ y®*mmtZZttfX'Z 

VM.vgtt^l.VHi^jSfigSrffl^^k^T'^l.^^kJi 

[0031] N-r-bf-^y-f 7Sys^iK:ijv^ 

fflv^ikOT^SN-T-b^^a-^-Syk LT 
li. t}JlK n a ^efp^*)(fS^kA s -C#S„ N-T-fef- 
)VJ >f 7 $ yKi/y-fe^— fe'vSttfcJ:V*x*xy-;i^ 

i8co^^fflv\ N-r-b^vyy-tf syiON-r 
-fe^/o$yiM3i-ri.rk# i -e££. JJEvStt 

m&m iza^x a , nv \hh \ lt wt ** 
Mi&ffif&nozk<ox'Z m£M>tmm*-&b-<t 

ktfX'Zi. 

[0032] ^ y ^ym^y-t^— fe'vS 

ttfc i t/N - r-fe f^/td^s y 2 - xt°y 5 — if vS 
ft. Mtffc*y.*xy-/t,tvut>ig£j£tg£*-f s» 
4*C*J^T(i. K«£1W»0*£fflv\ N-7-fe-f- 
i\>7)V^+t 5 yj: 0 N-T-bf-^y 4 5 5 yRSrlBW 

WiKjfc L-C m ffitt* 6 (r Hi±*fi6£ ffl 5 i k <0T* 



y 4 5 5 ymzmm-t h z t & . 

[0 0 33] N-7-fef-A-y-f 7 5yM*fctiN 

-7-bf-/i/vyy-»fs y^£t£{c^tTffl^£$t£l!s 
mitz§iixi>&\ ±ac7)iat. N-r-ti-^y-fy 

5 y&£ ti n - 7 -fe f-/^ y y 5 y o&jgfc is v ^ 

7?;UKDNA<0JWWlfflL 77X5KDNAC0W 
HWfcJ:*flJ»L ®m LH D N ABrfrttlOIfftlL DN 
AKfr«B*fl»S£, ffl«iftDNA*fflv^»inisM 

itf % Molecular Cloning, A Laboratory Manual, Seco 
ndEdition, Cold Spring Harbor Laboratory Press (19 

89) (JUT, t^A?-- ^n-xy^2KSkBS 
■^") N Current Protocols in Molecular Biology, John 
Wiley &; Sons (1987-1997) (OT, ^U-y h • 7nh3 

>fy- ur^vaya^TPCRkB&tXi^fti^ffi 

(PCR Protocols, Academic Press (1990)] t^-sTff 

d^k^T^S. 

[0034] N-r-fe*^y4 9$y»4/iiiN-7-fe 
f*7y y ^ s ycmmm^t h at?? s s±w -c* 

mmmh&wiPCRX'imijr?z$ts®m9 : z<7)D 
[0035] ®±.mmt Lxa. mm. mt 

k^T'^S. ^a^y^-kLTti, ±ISTI±«tfc 
Wk-r«.DNA^«E^-C#5fiSfc7nt-^-^^fl- 

[0036] mwnmmmzmzMMt ixm^z 
»r»r*4i:Wi(Mc. 7n*-*-. 'jsicv-Ais^a 

[0037] %M<? ?-t LT«, pBTrp2, pBTacl, 
pBTac2, pHelixl (V>-ffLt>ni/ a ■ ^4 7yV -f 
Xft^) . PKK233-2, PKK223-3. pGEX-2T (V^^it7 
• 7r/yey7 ■ ^NM^xyai?) s PSE280 

(^fyt'hny'iytl) . pGemex-i (rny^a 

H) . PQE-8, PQE-30 (V>-fixt=¥77'yttS3) . pET-3 
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(yAyxyti) , PKYP10 (KBHBB5S-110600) , pKY 
P200 CAgric. Biol. Chem.,48, 669 (1984)] , pLSAl 

(Agric. Biol. Chem., 53, 277 (1989)] , pGELl (Pro 
c. Natl. Acad. Sci., USA, 82 , 4306 (1985)] , pBlue 
scriptll SK+ (Zby ?=J-y#M.) . pBluescript II 

SK- (XYy9i/-yWk) , pTrS30 C 7d»»JM109/ P T 
rS30(FERM BP-5407) J; 9 PSD , pTrS32 (7:I»»M109/ 
pTrS32(FERM BP-5408) «t OPS] , PUC19 CGene, 33, 1 
03 (1985)] , pSTV28(£ffljtttKS). P UC118 (SSittt 
W , P PAC31 (W098/12343) , pPAl (^p^HS63-23379 
8) W*M*-tlZtii s X'*Z>. 

[0038] rot-^-t Ltti, ±mw%<7)m±m 

Witf, trp7"n*-;?- ( Ptrj>) , Iac7°at-^- 
(Plac) , P t 7Dt-^-, P R 7°D*-?-. P SE 

SPOlTnt-?-. SP0270 ; E-^ 
penPrnt-^-^&lf t 
fcPtrp^OjS^IJStffcTU*-:?-. tac7"0*-;? 
-, ladT^n^-?-. let ITot-^-cOJ: 0 IzX 

[0039] V#V-Afa&S!fflX*t>&i/-Y'( V-f)V 
XV (Shine-Dalgarno) mnbfflfa? Y>b0)fflZM% 

14, l»kt&DNA<o«git:tt(E9*WSffiJ«4^'fU 

[ 0 0 4 0 ] Wm&Wt LXlt. xj/xUtTJR, -fe? 

7r',>7AjR, $7nA7T'J^AJR, ya-K^tX 
a^tJRtSfittfe. 0tttf , Escherichia coli XL1-B 
lue, Escherichia coli XL2-Blue, Escherichia coli D 
HI, Escherichia coli MC1000, Escherichia coli W148 
5, Escherichia coli NM522. Escherichia coli JM10 
9, Escherichia coli HB101, Escherichia coli No. 4 
9, Escherichia coli W3110. Escherichia coli NY49, 
Serratia ficaria, Serratia fonticola, Serratia liq 
uefaciens . Serratia marcescens . Bacillus subtil i 
s. Bacillus amyloliguefaciens , Brevi bacterium imma 
riophilum ATCC14068, Brevi bacterium saccharolyticu 
g ATCC14066, Corynebacterium ammoniagenes, Coryneb 
acterium glutamicum ATCC13032. Corynebacterium glu 
tamicum ATCC14067, Corynebacterium glutamicum ATCC 
13869, Corynebacterium acetoacidophilum ATCC1387 
0, Microbacterium ammoniaphi lum ATCC15354, Pseudomo 
nassp. D-0110ag£ 6 ZbtfTZh. 

ioo4i)mtftDNA<r)mxi)mbix&. ue 



hztWTZ, mm. *>im\,^um 

(Proc. Natl. Acad. Sci., USA. 69, 2110 (1972)] . 
yahryXhm (#HB363-248394) , ll/?bo^ 
^-^3>-j£ (Nucleic Acids Research, 16, 6127 (19 

[0042] mmmmmiMMt Lxm**m&tz 

it. JWK^-fcLT. flitf. YEpl3 (ATCG711 
5) , YEp24 (ATCC37051) , YCp50 (ATCG7419) , pHSl 
9, ptiS\5%$m^hZbti s X'£&. 7nt-?-tU 

a. wmmft'PX'mLX'Z & tox-htin^-thco^o 

*m^Xl>ii<. Gtttt:. PH057"n*-:7-. PGK7°o 
GAP7°D^e-^-, ADH^O*:-?-. gal 1 
7nt-^-, gal 107*0*-:?-, t-f-i/g v?X 
U^fbVDt-^-, MFal 7Dt-^-, CUP 1 
7o^-^ -QffyTu se - ? -ZfolrfZZb tfX'Z h . 
[00433 HMSfcLTti. t7*n7-f«B. 
J/Vt7*n7^ -fe7.JI, 7/W<.o$-fe7jg, h']3 

^«*t«ti»»M*Srft(f £ C b , ftttWC 
ti, Saccharomyces cerevisiae. Schi zosaccharomyces 
ponibe, Kluyveromyces lactis , Trichosporon pullulan 
s, Schwann iomyces alluvius , Pichia pastoris , Candi 
da utills ^S: btf h Z b tfX'% h . 

mifoDNAvmxifmbixiz. mmzDNAtm 
xtttmx'htitf^-rtihm^&zbwx'Z . mi 

If, II/? hD/-KU— i/j (Methods in Enzymol. , 
194, 182 (1990)] , X7iD757ha (Proc. Nat 
1. Acad. Sci., USA, 81, 4889 (1984)] , »»«J?-'7 
AS (J. Bacteriol., 153, 163 (1983) ] hZ 
btfX'Zh. 

[0044] *«^»mi^#*^fc*rHrr6*i£ 
a, m.mm&m^KVM®<r>-ffik\<zm->xinoz 

b tfX% 1 . 7<lia^OS^4!teft S v ^4IWm>3tK 

4**«±t ixtobixtzmaxm&itmtimk 
Lxa. mmmitimmm. mm. mmm 

[0045] LXlt, iti«U!U« 

fftittf J: < , 7^7 r— ^-7n 

m^&ZbtfX°%&. 

[0046] mmrnb ixi±. ryt-r, mcrvt 

x, »axdr7., 7*U^-, i]*>AvW$. 

ft. &iv*mwmim^hzbtfx*h. 
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[0047] ftAft b LTti , 'J VR»-* U -7 A , D 

yKSiz^ 'J *>a . y ylr?y'*y -7A , »e7*y 
■7 a. iSfC-M-y^A, «®SHk Sir?y*'y, k 

«t, a*5«riaK7BBrc*&. «IW»pHt43. 0- 
9. 0«£8t6. pHopSti, *as*fctf«»o 

[ o o 4 8 3 i tz . fS«H»i&Bfc:ffi . rv try y v 

v*. 7nt-?-k Lt^e^Dt-^-^ffl^t 

(4. «Mlfcl6 fcT -f y-f a— t-S*S*atcaS5SnLT t <fc 

»«E8l Wr«£tt£*#f* § fcUtf V7ot7U- 
/3-D-^*'7?hf77yK^. trp7o*:-? 

h k ft mm y Y-frT 9 y ;i«w*i»*(caaniLT i> 

[0049] LTtt, tg$ftoaffi 

wmfc* ofttu lx% swaa* t-zmz z t 

[0050] N-r-fe-^yosy&^JtiiN-r-fe 

(4. fflv>4#»£*#*fcoi,v^ S»ftfcLTl~~5 
O0g/1T-S>0> #2L<til~300g/l T* 
S . tr;H:*y®& !t(i*x*xy-;H^;i^h'yKw^fiS; 
lc^=5rx^;^-jgtLt(4. ikltL&m-itOX'btl 

^7??h-xftfc'£;Mf&c:i#-et<£. ,rix£>x* 
/Wf-Wi. IS 1 0-3 00g/l waS-C/Bufcfi 

6. 

[00 5 1] N-7-fef-;k/4 9$y&4fcl4N-7-fe 
f-yyv y y if 5 y v >t m ^ <b it* *tt»ft t 

LXli. *, OXJIttL KKOL PIctfL ? 
xyii, hy^&fc'cojgfffiL y?y-;k x?y- 

7-fer-y&fc"<*>7r-y«. 7-feh7S K&£W$ Kffi 
S y® * fcli n - r-fef-^v y y -9- 5 y o&Sfcfc v>t 

[0 0 5 2] N-T*f-^y>f 9 5y»*feHN-7-b 



jpUTtJ:^. mtt&mtixii. tfy**yxf-y 
y • *y ^r'y/ur 5 y ({PRtf-M $-ys-2i5, a 
^fco^N^y^ffivStt^L -t^r-yy 
fyi^7yt-7A • yo-7-f K^r;^/py'y^;i/ ■ ^ 

yyil/7y*-7A;D5^H («itf*f-*yF2-40 
E, B^SBiaS) =5ri:*w^f-5j-y^SiS1WJ, 

7;^^yy^75y (W^tfHsrsyFB, b*j* 

leHJS) =5:i:«38l7iyS(^i:, N-7Hrf-;py>f 5 
-5 0 g/ 1 ^ffiST'fflV^tLl.. 

[0053] ^mrnmt uxti. ^-yyy, h;uxy, 
Ii)»ffii7;P3-;P. 7-fehy, vm^+ivtcwm h 

ti. aso. i~5 om l/itfjaatcfflv^^iti. n 

-7-fef-^y >f 5 $ ygsi^4N -7-b^-eyy-t s 

y<04^ixJCE(i:. Tktt&tttk pH5~10,#*L< 
(4pH6-8, 2 0-5 0ro^#t'l~9 6B#rafi : 
3. K£fc»6*UBi§-£4fc*>fc:. 7f-y, 7t"V 

yy-5' — yyffi (amp) . rryyy-s' - 
zyyia (atp) . «ffir?^j/»7A. Jgftv^y 

>>A'Sri:SraaD-tl.ii:A f 7:'#S. 7f-y. AMP, 
ATPti, aSO. 0 1~1 OOmmo I / 1 <0*KT* 

[0 0 54] fcimftWzgjS.ltiN-T-tl-frS'i? 
5 y S i Jt t4 N - 7-fe y y -9- S y W^*(iDi onex 
*^«4m3IB&i'£fflVVtff3£fc#T#& [Ana 
1. Biochem., 189, 151 (1990) 3 . RJSiR+fc&SLfc 

N-7-bf-;i/y^7$y®!*fct4N-7-fef-;^yyif 
sycosaixa, sffiR^-fsryssMBisiirsfflv^a 

itM^Stt**. a(sJMHtt£fife|6||W(c|»e «>*> 
[HS6W] 

[0055] ntKffl i • y t7 • 3 y **<0N- 
7-tf-^y >f ? s >®.7)v y 9— «f ae^3*s»<oa« 

Escherichia coli W3110(ATCC27325)%$:^ yy h • 7 

[0056] EWf-3i£gtcODNA77-f 7-fcffi5IJ 
S-f 41B«ODNA7'7^-7-$:>'n 0 — fc7r-f7 • A'>f 

[0 0 57] -hE£«DNA£:75-f^-i Ltfflv^. 
Escherichia coli W3110 (ATCC27325)1*0^fefrD N A 
^HffltLTPCRSffofc. PCFUi&fettDNA 
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0. I US. -T74~?-&0. 5Amol/l, Pfu 
DNA^U^5— b*(STRATAGENE*a?) 2. 5unit 
s, Pfu D NAjff'jy y— fe'fflx 1 OMWW. (STRATA 
GENEttS!) 4u 1 . deoxyNTP&2 0 0;umo 1/1 
ZttiRI&mOtx 1 94X>l#f a E L 42T> 

2ftm. 7 2T>3#B<0Ig£l-'M?;l/fc LT3 0 

•*>f ?/ili9iI-t.r h£± Off-?*:. 

[0058] wR$M.cn i / 1 o&zrtfv-zy^m 
mm i s § mmwmm ix^izt zmm. m 

9?)RJJ38fc3*OTE [1 Ommo 1/1 Tris 
-HC 1 (pH8.0K lmmol/1 E DTA ) i& 
%\7 x J—)V/9 nn*/^ (lvol/lvoDS 

Ht2^fi<7}ftx?y-7l^D;tTS£-U -8 0°C 
C3 04HSH«ILfc. SSttif»*»&#«l<DNA<oa 
R**fc. KDNA<7)«S-2 0a 1 OTE!Cf§fjf L 
ft. IS?f»?S5// 1 £fflV\ DNAfclMBBiHK H i n d 
Illfcitf BamH I -CflJBrU TtfO-^/HSSijc 
IMcJ: 9DNABrJt*4HiLfcft. i*-** U-VII* 
•/ h (am *10lttK) izi *) 1 . 2 k bc7)Blrfr£®iK 

Ut. PUC19 DNACGene. 33, 103 (1985)) 
0. 2^g^W» Hi n dlllfeAtf Bam HIT- 

II. H«fc: 2. 7kbtf5Bffr&EIJRLfc. 
[00591IS1. 2kb&J:t/2. 7 k b<7)»rfr£5 
^'-ya^-yhJffl^, 16*(/ 16B3ISL 3tS 

BE££1-.g> Escherichia coli W622tt*ffifi&0&»«>33r 

0 ju g/m 1 fc^tfLB^igififc&ffift. 3 0"CT— 

[0 0 60] 4WL-C#fc»»l68»fla^3o--J:0. 
N - T-fe^/py -Y 5 5 >1?7/U H 9— tfitfcl 1 n a n A 
£&#1~S^Jffe}&#: Escherichia coli NM522/pTA3£ 
JRfSLfc. Mm**). 'jMnomtzfe^xryXSV 
£MiU N-r-fef-ypy-f 9 5y»r;H<9— tfae 

OflKg*«RB*fflfl:fcJ: l 5«8Lfc (01) . 
[0 0 6 1 ] $ttfl|2. ti-7±*frS4 7§>Wt<0£. 

m 

Wfcffl 1 TUfc Escherichia coli NM522/pTA3ffc£7>- 
ti/'jy 5 0/xg/m 1 t-StsLBmWl 2 5 m ICO 
A -5 fc 1 LgA -y 7/W § =fc 7 5X3 Cj&B U 2 8 
W2 20r P m tf*fcfr? 1 7 BffiP&t Lfc . 
12 5ml £//P3-7s 10g/l.^hh y^h 
v (r-f 73*13?) 1 2g/l, SPax^x (f03 

ttfD 24g/l , KH 2 P0 4 2. 3g/l » K 2 HP 
0 4 12. 5g/l, TWsVV 50^g/ml« 
«Wb^fe!ar*JR»«*ft(pH«9W) 2. 5L«Aot 
5Lgi§*»C$fflU 3 7X:T'6B§ra. 600 r P 



m, il^»2. 5L/ftcr>0kftX'tm*ft~>tz. ig* 
+ . 2 8%7;' ; E-T**JHlrVt. tg*$OpH£7. 
OWL/c. ifc. fSIBft't'TsBKKJS t T ^ 3 - 

tc . Raa#&&£tcjG tt - 2 o xrcwri-i i fc # 

[0062] Escherichia coli NM522/pTA3ft:Sfif# 5 
0g/l. 77?r— X 65g/l, N-T-fef-^V 
yytfSy 40g/l, KH 2 P0 4 25g/l, Mg 
S0 4 • 7H 2 0 5 g/l. 7-ff-Vfft 5 8/l*"M 
S-yS-215 4g/U ^fxl/y lOml/lO 
fflfig*^^SKlE?R3 0m 1 £2 0 0m 1 gt'-tf-fc: 
Ail, RRBfctv*''*-?* y7 • Z?-y-lzxmn 
(900r P m) U 3 2°CT2 5 iSHRjefcftofc. 
RJfrK 4N NaOHfcfflWC, KRj£?fc9pH£ 
7. 2«f8U £<StlEtT7 7;? r— X. KH 2 P 
0 4 £®jdL£o 

[0063] RJ£«Tf£, RJE^Jft**^ y 7 X 
aS!«l^«mg(DX-500)^fflV^*«fL. RJSifcpfc 

o. 3 4g/ioN-r-fef-;py-Y5 5>'K* { 4)S#« 

[0064] gdtH3 • 'J tT • 3 >J **cON- 

T-fef-ywy-f y 5 ^l»s/y-fe^-Hfjlf?HISttcoJSiS 
Escherichia coli K235(ATCCl3027)1f ZtiVV V ■ 7°n 
VO~)VX ■ 4 V ■ *iV*;z.y- ■ /U *05/-(C|B« 

[0065] EW»f - 5 W&cr> D N A7"7 "7— fc SE^J 
S-f 6ia^WDNA7*7^v-S:A'— fe7f < 7' • A/ 
* yXfA X|fcl!8905i! D N A-^fiicffi^ffl V ^TML 

it. 

[0066] ±.ii-&tfLDNA£7y4~?-tlXm\ 
Escherichia coli K235(ATCCl3027)1*^feftD N AS: 
«fifcLTPCRSlTofc. PCR(i^fe*DNA 
0. ljug, 7°7^V-#0. 5/jmol/l, Pfu 

D N Atff'J y 7— fe'(STRATAGENEttS?) 2 . 5 u n i t 
s, Pfu DN A^'jy 7— fe'fflX 1 0$ij!r?8t (STRATA 
GENEftl?) 4u 1 , deoxyNTP#2 0 0//mo 1/1 
**tr»Sa4 1 *fflV\ 94t-lM 4 2°C- 
2^1 7 2'C-3^-ra^XSS: l-f'f 7;l^fc LT 3 0 

[0067] WKtiMcO 1 / 1 0 S£7#n-xy/U« 

9<ORJiE?£2:3*<7)TEg&ft7x y-;t//^nn*;lA 
(lvol/lvol) Sr^iDL, 3teLfc. if^-^S 

Sra^Jfl^, ^^n/cJJltc 2 ff^So^x^ y-/p 

ia^TS^U, -8 0'C{c3 0^ra»SL^. RiSS 

?S*3S't^SiLD N AOijfc®£#7t. 
[00 68] »DNAtf5fflR«r 2 0*i ltf)TEt»)»L 
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WBamHItWU Ttfa-xy^wmmiz 

(A>f3j-ioi4HS){:iOl. lkbtf)BJr#-£0JKL 
tz. p P AC 3 1 DNA (W098/12343) 0. 2ugZ 
WHW tC 1 a I a m H I 7tfu- 

^y/u^aaaBfciODNABffrS^MBL. |s]«H=5. 

[00691 K1. Ikbfcj:tf5. 5 k b^BfitSr^ 
-fy-i/a^-yhtfflV^. 1 6*C, 1 6BSHBI, 3SS§ 
RfcfctTofc. I£»&Rjfc$£fflvvt*7.*xy-/l,t- 
jHfyttiaWtefrfr* Escherichia coli NM522f*^M 

[ 0 0 7 0 ] £W LT * fcJBmSSWftf) 3 ox- J; 0 , 
N-7-fef7k7-f 5 SVKi/y-fe^— fe'iUsT- n e u B 
Sffifr-fS^gfeteft Escherichia coli NM522/pYP18£ 

f%I77X 5 h'T*!, p Y P 1 8?:#/;„ UTyXi 

vnmmmimmmzj: mmtt: (02) . 

[0071] m$M4 ■ N-7±+A'S45 5 

glMfflj 3 Tlf /c Escherichia coli NM522/pYP18l*£7y 
tfj/'jy 5 0^g/m 1 S:*trLB^il6l 2 5m 1 O 
A->3tlL«/N*- J r7;HtS=ft75^3tie«L, 28 
°CT"2 2 0 r pmtfXfefm 7«HBW«Lfc. 
12 5ml^W-X lOg/L^hh'jr!- 
f (f^73tl) 12 g/1. l»X3fX (f -f 73 
24g/l. KH 2 P0 4 2. 3g/K K 2 HP 

0 4 12. 5g/l . Tyti/'jy 5 0jug/ml<0 

»fc»>6&tffiM8tt ( p mmm 2 . 5 lcda-ok 

5 LgigliWfcJgaU 3 7iCT4l«a««Lfc«. 4 
0°CT'3l$ig. 6 00r P m, Jim*2. 5 L/#<3* 

[0072] Escherichia coli NM522/pYP18ftS»#: 

5 0g/l. 7=7-7 Y-X 6 5 g/1. N-7-fe^/P 

vyy-fsy 40g/K kh 2 po 4 2 5 g/i, m 

gSO, • 7H 2 0 5 g/l, 5g/Kt 
-fS-ys-215 4 g/1 . df^U-yi 0m 1/1 
nmji-hts:hmm.3 0 m I * 2 0 0 m 1 gtf-*- 
fcAft, KRJ6«*v7'*'T < "j 7 • xf-y-lzXM 
tf(900rpm)U 3 2*CT'l 9B&IBRjC£fT-3 
fc. 4N NaOH»t. KRK»WpH 

£7. 2«f#L. tmiZfctX??? h-*. KH 2 



P0 4 £8SSdU:. 

[00731 RiStlSfllS: ^ 7 ?X 

1. 4g/l«N-7W/>( 5 5V|fc&«fejRWKL 
[0 0 74 ] HM0RJ5. N-r-fe^/wy-f 5 5yS?<?54 
3 ^^ Escherichia coli NM522/pYP18l*£||ffc 

M2ime)*miz£ vmi. m^mzx mm* 
i t awe. mmzimixm^i z t 

[0075] Corynebacterium ammoniagenes ATCC21170 
8*^3-* 50g/l . (B*S^ 
ttS) 10g/l, ifx^T, (*'Jxy?/Ug»tt 
») 1 0 g/ 1 . im 5 g/ 1 . (NH 4 ) 2 S0 4 5 g 
/I, KH 2 PO, 1 g/1 , K 2 HP0 4 3 g/l,M 
gSO, • 7H;0 1 g/1 . CaC 1 2 • 2H 2 0 0. 

lg/l. Fe S0 4 • 7H 2 0 10mg/l, ZnS 
0 4 • 7H 2 0 1 0mg/l . MnSO, • 4~6H 2 0 
20mg/l, L-i/X^Jy 20mg/l. D-A 

yFr>'K*/i'^A lOmg/i. h'^syB, 5 
mg/l, xrif-y® 5m g/1 , fcil^t'jff-y 3 
0/ig/l (10N NaOHt' P H7. 2CJI8) <0 
ffi**»^*iWMS*l!s 2 5 m 1 OA->£ 300ml^' 
v7;HtS<=ft7?.*3fc:*aU 2 8°C, 220 rp 

mcD?mx\ 24mmmmLfz. 

[00763 w&m 2 0 m 1 s-±iet isi-fflRgojSft 

iStfi250m 1 OA-5^2L§A'>y7;H i t#Hft77X 
3(C»WU 2 8T:. 2 20r P m^frt, 2mm 

muz. nt>ntz%mmzmtmmtLxm^tz. b 

8%£tt2 50ml?:, ^/Pa-^. 1 5 0 g/ K 1*1 

x*x(mmim&m) 5g/i, kh 2 po 4 iog 

/l , K 2 HP0 4 1 0g/ 1 . MgSO, • 7H 2 0 1 
0g/l, CaCl 2 -2H 2 0 0. lg/l. FeS 
0 4 • 7H 2 O20mg/l, ZnSO, • 7H 2 0 10 
mg/l N MnSO, • 4~6H 2 0 2 0mg/l (M 
fSM) s B-Ty-V 15 mg/l (i«g) . L- 
IsXT-Jy 2 0mg/K b'sj-f-y 100^g/K 
JS* 2 g/1, fcJ:t>'h"^5yBl 5 mg/l (80ft 
S) (10N NaOHT'pH7. 2fcHfflg) Offlfig^ 
t=Sf *JSft«Hl!! 2.25 LcOAo ^ 5 L«««ffiC8a 
3 2'C, 600r P m,IM2. 5L/#*)*ft 
•C2 4Bfr B 1ig»2:fi : o^„ l^tf, 2 8%7yt-7* 

[0077] R««a[*31't'4«l L, SB*^]R#L 

tz . mmmi&mizm tx-20 -cx-^-ti z t *< 

^ISgT, ftfflMt^a LXm^Z Z t WTZ tz. Escher 
ichia coli NM522/pYP18^Saf*: 5 0 g/ / Coryneb 
acterium ammoniagenes ATCC21170l$^ffiflt 1 5 0 g/ 
1, 7571— .X 6 5 g/1. N-7-bf/k7yyf 
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S> 40g/K KH 2 P0 4 25g/L MgSO, 
• 7H 2 0 5 g/i . yi*y& 5g/K -M S-V 

S-2 1 5 4g/K 0ral/l«» 
£>&l>»©83 0m 1 £2 0 Om lgt*-#-CA*U 
RREifcfr-e^f- 4 -y? • **-5-(cTJWP ( 9 0 
Orpm) U 3 2°CX'6nffiKm'ft->tz. KIE4>. 
4N NaOHS-fflWC, mmMOpHZl . 2tC*t 
»U ■mi t ZJ&lX7y7h-Z. KH 2 PO,SrasjDL 

[0078] Rjs^Tf*. Km3Lfm£y4 

3. i s/ 1 on - -r 5 s ym&am t 

[0079] mWM6. ^rJ^Xr^Xi*cON-7 
file 

7"?Ei3*<7)N -T-fe^;^;t/3-if S >- 2 -xW 5— <£ 
<7)TS7^ffi^J CJ. Biol. Chem., 271, 16294 (199 
6)} S- Query i: L"t, GenbankOBlast SearchfeJ:r/Syne 
chocystis sp. (PCC6803)1$oy/Al!5iJcDT-:y''<.-.X 
"Cj>l>CyanoBase(http : //www. kazusa.or.jp/cyano/) tC 
fcV^TffiPItt^ (Similarity Search) *fr-9fctt 
^, ItTS /KE?iMrenin-binding protein tOifiiU 
<7)&>& Synechocystis s P . (PCC6803)4*WlE?iJ(slrl97 

[0080] Synechocystis §£. (PCC6803)15f;£J. Gen. 

Microbiol., ni, i amizim^umxim^ t> 
d v- \,zmmHm c «t o , Bft£«*>jft&ft d n a £ 

8(ClS^c7)DNAS:7°5^V-fcLTfflV->T. Synechoc 
ystissp. (PC06803)ttOlftfe*DN A£«Mfc LT»fe 
W 1 iett<0*ffifc«-5T PC RRJE*ff ofc. 
[0081] RKftftO 1 / 1 0i5:r^n-xy;H 

0 <9£f5?£ i; t£t<0T E mm 7 x / oo*;l/A 
( 1 vo 1/1 vo 1 ) Sr»lU vl^Lfc. 
[0082] MMIsm&'bim®, *MlfcJJ|(C2 
i$®M.cr>ttz.7S-iu£Di\tXU-&l. -8 CO: 3 0 

MW.5uizm\ DNAzmmm c 1 a i hxx/b 

am H I "CflJBr L . 7# o-*y/l*»i*Iifc J: 0 D N 
AffiKZmit:®. y-y9»-yu*vh UU* 
lOlttS?) IZX 0 1 . 2kb«>DNABrtf-£EJKU:. 
[0083]pPAC31 DNA0. 2 /x g SrSiJRgBS 
3S C 1 a I fci^'BamH I TflJBfft. TtiXk—XVAs 
t«»e»fcJ:9DNAKfr*4HltU RWC5. 5kb 
ODNADrfrfcEUKU:,, Kl- 2kbfcJ:y5. 5k 



[0084] I£gfeKlS7g£ fill ^ Escherichia coli N 

W22*tir3*«>^«tfW6*=fi£->T»IBE«L. 
gIMryfyyy50wg/m 1 **trLB«^f& 
3 0*C"C-H«S*U:. ±WLT#/d£« 
^frc7)3a^— Synechocystis sp.fefoQN- 
r-fef/WntSV 2 -xtr^< 7— tf2r a- H-fi>D 
NAfrfi^f-S^gC^ft Escherichia coli NM522/pYP 

s K*ttaju miryxs. k?*&pyp i 6** 

(03) . 

[0 08 5] HJ60H7. N-T-tef-rtoM 5 
HWi 1 ^^ Escherichia coli NM522/pTA3t*£HliS 

0j 2 isaosffit: i o urn u »mm»c x o £ 
K»Lfc. f^a«i^(cKtr-2o°cT'{s^-r& 

[0086] 6 Tfl^ Escherichia coli NM522/p 

YPie^rvf^yy so^g/m 1 £-£tfLBtgts 

12 5ml COAoJt 1 L§^'.y7/W't#Sft77X3t 
28'CT'22 0rpmO^rtT'178#rBli$*L 
7t. IStg#?Sl 2 5ml *7)Va-X lOg/l.A 
^hh'JThy (r-f 7 3SII) I2g/i.»ftx* 

X (r>7att») 24g/l. KH 2 P0 4 2. 3g 
/U K 2 HP0 4 12. 5g/U T>t°isV> 50 

xz g/m i mm^mmm ( p hmh) 2 . 

5 LOAo ^ 5 L§M1f(;ilL, 3 0°C-C4B#Htg 
ILfct, 40r-C3^ia, 600r P m, 'M^A2. 
5L/*OjHrTtiSfr-)fc. lg«*. 2 8%7y ; E 

^, tm&^xmizfcixyiva-xtmnitz. m 

WE tT - 2 0^T«#t4 £ fc *«nrc. ffifflHU^U? 
[0087] Corynebacterium ammoniagenes ATCC21170 

mmnitz. mmmmtmmtx-2 0'CT% 
z t A^rtiT, mmm®. ixm^zttfx* 

Escherichia coli NM522/pTA3ttiiMft 5 0 g/ 
l . Escherichia coli NM522/pYP16)(*?ia* 50g/ 
l , Corynebacterium ammoniagenes ATCC21170$;§llift 
150g/U 7y?h-Z 65g/l, 
)V?)V34)r$> 180g/l, KH 2 P0 4 2 5 g/ 
I , MgSO, • 7H 2 0 5g/l, 7^^->ig5g/ 
l , -fA S-^S-2 1 5 4g/l, dfi^y 1 0 m 
1 / 1 <7)Mf8.frt>%&KJ&Wi3 0 m 1 £2 0 0m l<gt' 

H-CJWP (900r P m) t, 3 2°CT2 4 B#raRC-S: 
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ffofc. 4N NaOHfcfflwe, 

H 2 P0 4 £8sJttLfc. 

[0088] RfS*7«, Rfc&JStt* rTW ** -y ? X 

aiM^«RB9i(Dx-soo)tffl^r*wt, Rje»*£ 
i. o g/ioN-T-fe^y^f 5syB?*>'«§at 

[0089] Hfli0J8. N-T-fef-^y-f 7SV1S<04 
it 

HfifefflJ 3 TUfc Escherichia coli NM522/pYP18tJcfc<):tf 
Hffiffll 6 Tflfc Escherichia coli NM522/pYP16tfc£^]li 
W4 J: V 7 E«0*i6 tt **iW8* L . S& 

- 2 0 'CT«#-r & i t **rffiT, ffiffl ttCJW* LTffl 

[0090] Escherichia coli NM522/pYP16i'fc2gffiflJ 
50g/l, Escherichia coli NM522/pYP181*zgffl#: 
50g/l„ 75?h-X 65g/U N-T-fef-A' 
^3tS> 180g/l, KH 2 P0 4 25g/l, 
MgS0 4 ■ 7H 2 0 5g/l. y 5g/l, 
•M 5->-S-2 15 4g/l, 10ml/ 

1 «0fflj&&>6$r4RlS»3 0 m 1 & 2 0 0 m 1 St*-* 
-fcAil. V^*f-f y? • Xf-y-lzX 

ISf (900r P m) L. 3 2°CC1 1 BflSIRfcfcfTo 
fc. Ri&k 4N NaOHSffl^. UBUmnpH 
£7. 2fc«*U #BfcJGtT7 5?h-* % KH 2 

[0091] RJtS»7». KJ&iU&m ? 4 

i. 3g/i«oN-r-fe^y>f7syis*w#aL 

[0092] Hifi^j9. N-r-fef-;i//'f 55^1804 
m 

mm 3 /^ Escherichia coli NM522/pYP181fcfc J:tf 
IBMigi6-C^fc Escherichia coli NM522/ P YP16tt2rH)!ifi 
fe it/ 7 ie«J^^ffilC^ t X Ztl? -HMm I s ifi'& 

- 2 o °cr«#-r £ i fc a««rffit\ ttJHffifcj** ltjb 

[0093] Corynebacterium ammoniagenes ATCC21170 

s«f* . mnmo£K(ciE tx-20 °cx 
m-t&ztmmx. mmzmmixm^zttf 

X%£l. Escherichia coli NM522/pYPl61*g||#: 5 0 
g/U Escherichia coli NM522/pYP18ffi^gfr 5 0 
g/ 1 , Corynebacterium ammoniagenes ATCC21170^g 
S# 150g/l, 77?h-^ 65g/l, N-T 
W^atSy 180g/l, KH 2 P 0 4 2 5g 
/l . MgS0 4 • 7H 2 0 5g/l, 7-ff-V»5g 
/l . ^ 5->-S-2 1 5 4g/l. *l/VV 1 0 



m 1 / 1 nmfrbtthWM^ 0ml£200ml$ 
t'-;fr-fcA/U KRJK8*v^*f-^ y? • 
-fcTJIHf OOOrpm) U 3 2XTC2 4I5IBIRJB 
fcffofc. Kfc*, 4N NaOH^T, BK&ffi 
<7)pH£7. 2fc*i»U *&gfc:JStT77 7 r— X, 
KH 2 P0 4 £»U:. 

[0094] Rl6»m £J54«£: ^ -y 7 X 
ttS!ll^efilB(DX-500)^ffl^T^«fL, RJKK+tc 
4. 3g/10N-7b^/^7$yB?**£j£g«L 

[0 09 5] HJfeflJl 0. K-T*.^)VJA=7\VW) 
£M 

%Mffl3T13fc Escherichia coli N>622/pYP188cii Jtf 
HSfifl) 6 ^^Escherichia coH. NM522/pYP16i$ SrUtt 

W4 43 ± xf 7 imnxmizm tx znztimm i . 

[0096] Corynebacterium ammoniagenes ATCC21170 

mmm 5 eas^c <t 0 l , $t&*Httc <* 0 

MfflcfcEttLfc. RaHftti&£(c£ tT - 2 0'CT 

Escherichia coli NM522/pYP16ft@Mfc 5 0 
g/ U Escherichia coli NM522/pYP18t*iII§ft 5 0 
g/ K Corynebacterium ammoniagenes ATCC21170l$i§ 
Sf* 150g/l, 1 00g/l v N-T 

> 180g/l. 7f-> 5g/ 
UKHjPO, 1 5g/l . MgS0 4 • 7H 2 05g 
/\ . 7Hi-yWt 5g/U -fA S-yS-2 1 5 4 
g/1 . *\/\sV\ Om l/10«UR*»fe5:*Rje«3 
0 m 1 £ 2 0 0 m 1 $ t'-#-fc:A*U KRJfiaSr^^ 
^T-f-yi? 5-fcTflH¥ (90 0r P m) L. 

3 2X:T2 2«*IHRJ6*fi : -5fc. 4N NaO 

HSrfflV^T. KRfE3K«0pHSr7. 2(c*t»L, jfiWt 
J£CT^3-X, KH,PO t *«aniUfc. 

[0097] Rjenra. Kjc^eic*^ ^ 

tt!8tl^*fSIB(DX-500)S:ffl^T^*ft. RJ6«+K1 
2. 3g/ 1 iON-T-bf-^/^ ^Syffi^'^SSt 

[0098] 

iif4^^Di-& i £ * < n - r-t: -r 5 s ymm 
mmzwmxzz,. 

[0099] 

[ie?iJ*7'J-T^fXh] 
E?iJ#-^3 -AISM^RW : **DN A 
ie?ij#-f 4 -AXSM^ttfn : -^fiKDNA 
ie?l]#^5 -AXEJIWKlfl : -afiicDNA 
EM«6 -AXffi^J^Ui^ : MDNA 

wm*7 -Axmmm ■■ -^^d n a 
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[0 100] 

SEQUENCE LISTING 
<;110>; KYOWA HAKKO KOGYO CO., LTD. 
<;120>; Process for producing N-acetylneuraminic acid 
<;130>; H12-1281J4 
<;140>; 
<;141>; 
<;160>; 8 

<;170>; Patentln Ver. 2.0 
<;210>; 1 
<;211>; 391 
<;212>; PRT 

<;213>; Synechocystis sp. (PCC6803) 
<;400>; 1 

Met lie Ala His Arg Arg Gin GIu Leu Ala Gin Gin Tyr Tyr Gin Ala 

15 10 15 

Leu His Gin Asp Val Leu Pro Phe Trp Glu Lys Tyr Ser Leu Asp Arg 
20 25 30 



Gin Gly Gly Gly Tyr Phe Thr Cys Leu Asp Arg Lys Gly Gin Val Phe 

35 40 45 

Asp Thr Asp Lys Phe He Trp Leu Gin Asn Arg Gin Val Trp Gin Phe 

50 55 60 

Ala Val Phe Tyr Asn Arg Leu Glu Pro Lys Pro Gin Trp Leu Glu lie 
65 70 75 80 

Ala Arg His Gly Ala Asp Phe Leu Ala Arg His Gly Arg Asp Gin Asp 

85 90 95 

Gly Asn Trp Tyr Phe Ala Leu Asp Gin Glu Gly Lys Pro Leu Arg Gin 

100 105 110 

Pro Tyr Asn Val Phe Ser Asp Cys Phe Ala Ala Met Ala Phe Ser Gin 

115 120 125 

Tyr Ala Leu Ala Ser Gly Ala Gin Glu Ala Lys Ala He Ala Leu Gin 

130 135 140 

Ala Tyr Asn Asn Val Leu Arg Arg Gin His Asn Pro Lys Gly Gin Tyr 
145 1 50 155 160 

Glu Lys Ser Tyr Pro Gly Thr Arg Pro Leu Lys Ser Leu Ala Val Pro 

165 170 175 

Met He Leu Ala Asn Leu Thr Leu Glu Met Glu Trp Leu Leu Pro Pro 
180 185 190 



Thr Thr Val Glu Glu Val Leu Ala Gin Thr Val Arg Glu Val Met Thr 

195 200 205 

Asp Phe Leu Asp Pro Glu He Gly Leu Met Arg Glu Ala Val Thr Pro 

210 215 220 

Thr Gly Glu Phe Val Asp Ser Phe Glu Gly Arg Leu Leu Asn Pro Gly 
225 230 235 240 

His Gly He Glu Ala Met Trp Phe Met Met Asp He Ala Gin Arg Ser 

245 250 255 

Gly Asp Arg Gin Leu Gin Glu Gin Ala He Ala Val Val Leu Asn Thr 
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260 265 270 

Leu Glu Tyr Ala Trp Asp Glu Glu Phe Gly Gly He Phe Tyr Phe Leu 

275 280 285 

Asp Arg Gin Gly His Pro Pro Gin Gin Leu Glu Trp Asp Gin Lys Leu 

290 295 300 

Trp Trp Val His Leu Glu Thr Leu Val Ala Leu Ala Lys Gly His Gin 
305 310 315 320 

Ala Thr Gly Gin Glu Lys Cys Trp Gin Trp Phe Glu Arg Val His Asp 

325 330 335 

Tyr Ala Trp Ser His Phe Ala Asp Pro Glu Tyr Gly Glu Trp Phe Gly 

340 345 350 

Tyr Leu Asn Arg Arg Gly Glu Val Leu Leu Asn Leu Lys Gly Gly Lys 

355 360 365 

Trp Lys Gly Cys Phe His Val Pro Arg Ala Leu Trp Leu Cys Ala Glu 

370 375 380 

Thr Leu Gin Leu Pro Val Ser 
385 390 
<;210>; 2 
<;211>; 1173 
<;212>; DNA 

<;213>; Synechocystis sp. (PCC6803) 
<;400>; 2 

atg att gcc cat cgc cgt cag gag tta gcc cag caa tat tac cag get 48 
Met He Ala His Arg Arg Gin Glu Leu Ala Gin Gin Tyr Tyr Gin Ala 

15 10 15 

tta cac cag gac gta ttg ccc ttt tgg gaa aaa tat tec etc gat cgc 96 
Leu His Gin Asp Val Leu Pro Phe Trp Glu Lys Tyr Ser Leu Asp Arg 

20 25 30 

cag ggg ggc ggt tac ttt acc tgc tta gac cgt aaa ggc cag gtt ttt 144 
Gin Gly Gly Gly Tyr Phe Thr Cys Leu Asp Arg Lys Gly Gin Val Phe 
35 40 45 



gac aca gat aaa ttc att 
Asp Thr Asp Lys Phe He 
50 

gcc gtt ttc tac aac cgt 
Ala Val Phe Tyr Asn Arg 
65 70 
gcc cgc cat ggt get gat 
Ala Arg His Gly Ala Asp 
85 

ggt aat tgg tat ttt get 
Gly Asn Trp Tyr Phe Ala 
100 

ccc tat aac gtt ttt tec 
Pro Tyr Asn Val Phe Ser 
115 

tat gcc tta gcc agt ggg 
Tyr Ala Leu Ala Ser Gly 
130 



tgg tta caa aac cgt cag 
Trp Leu Gin Asn Arg Gin 
55 60 
ttg gaa cca aaa ccc caa 
Leu Glu Pro Lys Pro Gin 
75 

ttt tta get cgc cac ggc 
Phe Leu Ala Arg His Gly 
90 

ttg gat cag gaa ggc aaa 
Leu Asp Gin Glu Gly Lys 
105 

gat tgc ttc gcc gcc atg 
Asp Cys Phe Ala Ala Met 
120 

gcg cag gaa get aaa gcc 
Ala Gin Glu Ala Lys Ala 
135 140 



gta tgg cag ttt 192 
Val Trp Gin Phe 

tgg tta gaa att 240 
Trp Leu Glu He 
80 

cga gat caa gac 288 
Arg Asp Gin Asp 
95 

ccc ctg cgt caa 336 
Pro Leu Arg Gin 
110 

gcc ttt agt caa 384 
Ala Phe Ser Gin 
125 

att gcc ctg cag 432 
He Ala Leu Gin 
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gcc tac aat aac gtc eta cgc cgt cag cac aat ccc aaa ggt caa tac 480 
Ala Tyr Asn Asn Val Leu Arg Arg Gin His Asn Pro Lys Gly Gin Tyr 
145 150 155 160 

gag aag tec tat cca ggt act aga ccc etc aaa tec ctg gcg gtg ccg 528 
Glu Lys Ser Tyr Pro Gly Thr Arg Pro Leu Lys Ser Leu Ala Val Pro 

165 170 175 

atg att tta gcc aac etc ace ctg gag atg gaa tgg tta tta ccg cct 576 
Met He Leu Ala Asn Leu Thr Leu Glu Met Glu Trp Leu Leu Pro Pro 

180 185 190 

act acc gtg gaa gag gtg ttg gcc caa ace gtc aga gaa gtg atg acg 624 
Thr Thr Val Glu Glu Val Leu Ala Gin Thr Val Arg Glu Val Met Thr 

195 200 205 

gat ttc etc gac cca gaa ata gga tta atg egg gaa gcg gtg acc ccc 672 
Asp Phe Leu Asp Pro Glu He Gly Leu Met Arg Glu Ala Val Thr Pro 

210 215 220 

aca gga gaa ttt gtt gat agt ttt gaa ggg egg ttg etc aac cca gga 720 
Thr Gly Glu Phe Val Asp Ser Phe Glu Gly Arg Leu Leu Asn Pro Gly 
225 230 235 240 

cac ggc att gaa gcc atg tgg ttc atg atg gac att gcc caa cgc tec 768 
His Gly He Glu Ala Met Trp Phe Met Met Asp He Ala Gin Arg Ser 

245 250 255 

ggc gat cgc cag tta cag gag caa gcc att gca gtg gtg ttg aac acc 816 
Gly Asp Arg Gin Leu Gin Glu Gin Ala He Ala Val Val Leu Asn Thr 

260 265 270 

ctg gaa tat gcc tgg gat gaa gaa ttt ggt ggc ata ttt tat ttc ctt 864 
Leu Glu Tyr Ala Trp Asp Glu Glu Phe Gly Gly He Phe Tyr Phe Leu 

275 280 285 

gat cgc cag ggc cac cct ccc caa caa ctg gaa tgg gac caa aag etc 912 
Asp Arg Gin Gly His Pro Pro Gin Gin Leu Glu Trp Asp Gin Lys Leu 

290 295 300 

tgg tgg gta cat ttg gaa acc ctg gtt gcc eta gcc aag ggc cac caa 960 
Trp Trp Val His Leu Glu Thr Leu Val Ala Leu Ala Lys Gly His Gin 
305 310 315 320 

gcc act ggc caa gaa aaa tgt tgg caa tgg ttt gag egg gtc cat gat 1008 
Ala Thr Gly Gin Glu Lys Cys Trp Gin Trp Phe Glu Arg Val His Asp 

325 330 335 

tac gcc tgg agt cat ttc gcc gat cct gag tat ggg gaa tgg ttt ggc 1056 
Tyr Ala Trp Ser His Phe Ala Asp Pro Glu Tyr Gly Glu Trp Phe Gly 

340 345 350 

tac ctg aat cgc egg gga gag gtg tta etc aac eta aaa ggg ggg aaa 1104 
Tyr Leu Asn Arg Arg Gly Glu Val Leu Leu Asn Leu Lys Gly Gly Lys 

355 360 365 

tgg aaa ggg tgc ttc cac gtg ccc cga get ctg tgg etc tgt gcg gaa 1152 
Trp Lys Gly Cys Phe His Val Pro Arg Ala Leu Trp Leu Cys Ala Glu 

370 375 380 

act etc caa ctt ccg gtt agt 1173 
Thr Leu Gin Leu Pro Val Ser 
385 390 
<;210>; 3 
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<;211>; 24 
<;212>; DNA 

<;213>; Artificial Sequence 
<;220>; 

<;223>; Synthetic DNA 
<;400>; 3 

gtgtaagctt tctgtatggg gtgt 24 
<;210>; 4 
<;211>; 26 
<;212>; DNA 

<;213>; Artificial Sequence 
<;220>; 

<;223>; Synthetic DNA 
<;400>; 4 

gcagggatcc caaccaggca gcggaa 26 
<;210>; 5 
<;211>; 32 
<;212>; DNA 

<;213>; Artificial Sequence 
<;220>; 

<;223>; Synthetic DNA 
<;400>; 5 

tttatcgata ttaattaggg ggaatgaatg ag 32 
<;210>; 6 
<;211>; 33 
<;212>; DNA 

<;213>; Artificial Sequence 
<;220>; 

<;223>; Synthetic DNA 
<;400>; 6 

tttggatcct cattattccc cctgattttt gaa 33 
<;210>; 7 
<;211>; 36 
<;212>; DNA 

<;213>; Artificial Sequence 
<;220>; 

<;223>; Synthetic DNA 
<;400>; 7 

taaatcgata tttgtatgat tgcccatcgc cgtcag 36 
<;210>; 8 
<;211>; 36 
<;212>; DNA 

<;213>; Artificial Sequence 
<;220>; 

<;223>; Synthetic DNA 
<;400>; 8 

aaaggatcct taactaaccg gaagttggag agtttc 36 

mi ] ^-T^^y^ty^ymr^vy-^^M tH2] ^N-r^^/^t y^y^y*?— mm 
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7*5X5 Hp YP 1 8<7)3Sfi!tlSSr*-r. 
[H3] «N-T-bf-;l/^3'tS>-2-xh^7— tf 
%ffly°yA$. Hp YP 1 6<7)3&^JMt:ffft. 

Amp' : T>t°l>Vym®Mi5r? 

P L : P L 7nZ-f- 

c 18 57 : c I 8 57'J7l'7t- 



P iac : 1 acm-?- 

s 1 r 1975 : N-7tf^/l/3tSy2-lW 

n a n A : N - T-fef-^y >KT;1^ H 7— «B£k 

neuB: N-T-fef-zM -f 7 S yi^y-fe?-- fe'iifS 
i 1 



[01] 



11 




HlndM, BamHI 



Hlndlll 



BamHI 



nanA 



Hlndlll, BamHI 




BamHI 



nanA 



Mac 



HlndM 
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(&7) )0 1- 




Hlndlll EcoRI 
Hlndlll \ I 
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(?l 8) )0 1- 



[03] 

03 





(51) Int. CI.' 

C12P 
//(C 1 2N 

C 1 2R 
(C 1 2N 



19/26 
15/09 
1:15) 
15/09 



ZNA 



ZNA 



F I 

C12R 



T-73-K (##) 



1:15) 
1:31) 
1:46) 
1:85) 
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C 1 2R 


1:31) 
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(C 1 2N 


15/09 ZNA 


(CI 2N 


1/19 
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1:46) 
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1:85) 


(C 1 2N 


15/09 ZNA 


(C 1 2N 


1/21 


C 1 2R 


1:85) 


C 1 2R 


1:19) 


(C 1 2N 


15/09 ZNA 


(C 1 2N 
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C 1 2R 


1:01) 


C 1 2R 


1:15) 


(C12N 


1/19 


(C 1 2N 


1/21 


C 1 2R 


1:85) 
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1:31) 


(C 1 2N 


1/21 


(C 1 2N 


1/21 
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1:19) 


C 1 2R 


1:46) 


(C 1 2N 


1/21 


(C 1 2N 


1/21 


C 1 2R. 


1:15) 


C 1 2R 


1:01) 


(C 1 2N 


1/21 


(C12P 


19/26 
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1:31) 


C 1 2R 


1:19) 


(C 1 2N 


1/21 


(C12P 


19/26 


C 1 2R 


1:46) 


C 1 2R 


1:15) 


(C 1 2N 


1/21 


(C12P 


19/26 


C 1 2R 


1:01) 


C 1 2R 


1:31) 


(C 1 2P 


19/26 


(C12P 


19/26 


C 1 2R 


1:19) 


C 1 2R 


1:46) 


(C12P 


19/26 


(C12P 


19/26 


C12R 


1:15) 


CI 2R 


1:85) 


(C12P 


19/26 


(C 1 2 P 


19/26 


C 1 2R 


1:31) 


C 1 2R 


1:01) 


(C 1 2P 


19/26 


CI 2N 


15/00 


C 1 2R 


1:46) 


C 1 2R 


1:15) 


(C12P 


19/26 




1:31) 


C 1 2R 


1:85) 




1:46) 


(C 1 2P 


19/26 
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1:01) 




1:01) 



ZNAA 



